Introduction
In India, first line antiretroviral therapy (ART) regimens extensively used for children and adults with human immunodeficiency virus (HIV) comprise 3 drugs viz. stavudine or zidovudine, lamivudine and nevirapine 1, 2, 3 . Children given single dose nevirapine at birth for prevention of parent to child transmission cannot receive nevirapine based ART regimens according to the National AIDS Control Organisation (NACO) policy 3, 4 and are prescribed protease inhibitor (PI) based combinations containing lopinavir / ritonavir 5, 6 . Experience is limited regarding clinical and immunological responses of PI regimens as first line therapy in children in the Indian population. Hence this study was undertaken.
Objectives
To document clinical and immunological responses to PI based regimens as first line therapy in HIV infected children less than 5 years old compared to responses to standard non-protease inhibitor (NPI) first line regimens recommended by National AIDS Control Organisation and World Health Organisation.
Method
An observational prospective cohort study was conducted from December 2011 to June 2013 in a tertiary care hospital in a high HIV burden region of Western India. All children aged less than 5 years with confirmed HIV infection, ART naïve except for exposure to nevirapine at birth and eligible for first line ART were included in the study 3 . The study was conducted with approval from the institutional ethics review committee.
HIV infection was confirmed by deoxyribonucleic acid polymerase chain reaction (DNA PCR) in children less than 18 months and the enzyme linked immunosorbent assay (ELISA) in older children.
Clinical staging was done according to WHO staging system with relevant history taking and physical examination, including anthropometry 5, 6 . Investigations were as recommended by NACO, including specific tests for diagnosis of tuberculosis (TB) and other comorbidities. Children eligible for ART after clinical and immunological staging were started on ART and allocated to NPI and PI groups as shown in Table 1 . Routine care like immunization, cotrimoxazole prophylaxis, feeding/diet was advised to all children with HIV infection 5, 6 . 1. Zidovudine-lamivudine-lopinavir/ritonavir 2. Stavudine -lamivudine-lopinavir/ritonavir
All children included in the study were followed up monthly at the ART centre, Surat and at each visit, history of clinical events, anthropometrical measurements and examination were done by the same physician using the same instruments to determine clinical staging. If illnesses were present, their type, course and frequency were assessed. Severity was assessed by the need for in-patient admission. There were no drop-outs. Adherence, compliance and preference for drug intake and occurrence of adverse effects were evaluated. All biochemical parameters determined on enrollment, were repeated 6 monthly or if the child developed any clinical events. Immunological status was monitored 6 monthly by repeating CD4 counts. The baseline staging and the final outcome at the end of 6 months of initiating ART were compared by the Chi square test. Comparison of the weight and height patterns and the mean CD4 counts were done using the t-test.
The end points of the study were improvement of clinical stage and increase in the CD4 counts after 6 months of initiating ART therapy. Even though there were many infants exposed to nevirapine at birth, only those infants with confirmed infection and eligible for ART according to clinical and immunological criteria, were included. Those who were exposed, who were DNA PCR positive for HIV but did not fit the criteria for ART were not included as they did not qualify for ART. At the time of this study, guidelines to start alternate first line regimens were relatively new, so the group to whom PI was given is small. As this is an observational study, equal numbers of children could not be allocated to each group.
Results
Forty three children met the study eligibility criteria. Of them, 12 belonged to the PI group, and 31 to the NPI group. Baseline characteristics of study group are shown in table 1. Figure 1 ). With PI regimens, 8 (67.1%) were symptomatic at the beginning of ART therapy and 5 (41.6%) remained symptomatic after 6 months.
With NPI regimens 21 (67.8%) were symptomatic at the beginning of ART therapy and 13 (41.9%) remained symptomatic after 6 months. On applying the Chi square test, both groups showed significant improvement at the end of 6 months (p <0.001).
Comparison of clinical staging using Chi square test of both groups after 6 months of therapy did not show a significant difference (p=0.23). The mean weight of children in PI group after 6 months of therapy was significantly different from that of NPI group (p <0.01) and the mean height of children in PI group after 6 months of therapy was significantly different from that of NPI group p<0.001) as shown in Table 3 . The average percentage weight gains in the PI and NPI groups were 23.4% and 14.2% respectively whilst the average percentage height gains in the PI and NPI groups were 5.1% and 2.4% respectively after 6 months of ART initiation. The mean CD4 levels of children in PI group after 6 months of therapy was significantly different from that of the NPI group (p<0.001) and the mean total white blood cell count of children in PI group after 6 months of therapy was significantly different from that of NPI group, (p<0.01) as shown in Table 3 . The average percentage increase in CD4 in the NPI and PI groups was 66.3% and 75.3% respectively after 6 months of ART initiation. The mean total cholesterol of children in PI group after 6 months of therapy was significantly different from that of NPI group (p<0.001) as shown in Table 3 . The means of haemoglobin, platelet count, corpuscular volume, serum creatinine, total bilirubin, alanine transaminase, serum amylase and blood sugar in the PI group and NPI groups did not show any significant differences (Table 3) . 
Discussion
The introduction of alternate first line regimens has given the opportunity for many infants with perinatal HIV infection to survive and thrive. However, studies evaluating their response in resource limited settings are few. The comparison of the impact on the clinical staging of both PI and NPI groups showed that both drug regimens were equally effective in improving the clinical stage of HIV disease, but fewer children remained in stages 3 and 4 at the end of the study in the PI group. The children on PI regimens showed a significant difference in anthropological parameters like height and weight (p<0.001). Also, the immunological outcome showed a higher mean CD4 count levels along with a significant difference in mean CD4 counts after 6 months of ART initiation and the average percentage increase in CD4s was 10% more in the PI group. These observations from our study suggest that children if treated with PI regimen, remain asymptomatic, achieve better growth parameters and have greater immune recovery.
In a study done by Violari et all comparing the clinical outcome of nevirapine versus ritonavirboosted lopinavir regimens in 288 children, superior outcome was seen with better CD4 counts in the PI group and higher treatment failure rates in the nevirapine group 6 . The Penpact study done on 266 children compared immunological outcome after initiation of NNRTI/NRTI versus PI regimens and showed that good long-term outcomes were achieved with all treatments strategies 7 . Jaspan HB et al, compared the two year outcomes of children on NNRTI/PI regimens in a South African paediatric antiretroviral program in 391 children in South Africa and achieved a sustained doubling of median CD4% from baseline, and survival of 91%, at 24 months 8 . Contri et al, evaluated the nutritional status of HIV positive children and adolescents using ART in 23 children and adolescents on PI based regimens in comparison with 36 on NPI regimens and concluded that there was no significant difference in the nutritional status and anthropometric parameters 9 .
The most common alteration in the biochemical profile in this study was increase in the total serum cholesterol (16.6%) in the PI group. Nausea and vomiting were the most common adverse effects observed but the PI group had a comparatively lesser incidence (9.6%) than the NPI group (16.5%). Other severe adverse effects were not reported during the study period. Contri et al evaluated the response of 23 children receiving PI based regimens and found that serum triglyceride levels and non-HDL-cholesterol levels were significantly higher in the PI group compared with the non-PI group, at any time point 9 . Charakida et al evaluated the lipid profile in 31 children receiving PI based regimens against 25 on NPI regimens and showed that triglycerides and non-HDL-cholesterol were higher in PI-treated children compared with NPI-treated and untreated HIVinfected children 10 . However in view of the small sample size with differences in age groups, and a short study period, further studies involving larger samples and longer study period are needed to document long term effects, on clinical, immunological and adverse effect profiles.
Conclusions
• PI based regimens were effective as first line therapy in HIV infected children less than 5 years old.
• Both PI and NPI regimens were equally effective at 6 months of therapy but PI based regimens achieved significantly better growth parameters and CD4 levels.
• Elevated total cholesterol levels were observed after therapy with PI regimens.
